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Abstract 
Technical hemp (Cannabis sativa) is recently in the forefront in the manufacture of lightweight composites, where 
hemp shives acts as a filler. Many research projects have been devoted to the study of enhancement of the adhesion at 
the fibres–matrix (polymer or mineral) interface, using of various methods for modification of the surface fibres and 
matrix or by use of interfacial additives. Incompability of interface between fibres and matrix, the tendency to form 
aggregates during processing and poor resistance to moisture can be eliminated by physical/chemical treatments of 
fibers and/or matrix or the use of coupling agents. The influence of chemically treated hemp shives (NaOH, Ca(OH)2 
and EDTA) on physical (density, thermal conductivity and water absorbability) properties and compressive strength 
of hardened fibrous composites based on MgO-cement as binder was investigated. The lightweight composites made 
with modified fibers confirm different physical and mechanical properties in dependence on the character of reagent 
used for chemical treatment of hemp shives.  
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(Petr Kluson) 
 
Keywords: Hemp shives, lightweight composites, physical properties, mechanical properties 
1. Introduction 
In recent years, bio-based composite materials have been the focus of academic and industrial research 
interest from the viewpoint of reducing impact on the natural environment [1]. The use of natural fibers as 
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reinforcement in composite materials is attracting more and more interest from a wide range of industries 
nowadays. Automotive, construction and packaging companies already use such materials in their 
products. For high performance composites bast fibers, extracted from the stems of plants such as jute, 
kenaf, flax, ramie and hemp, are widely accepted as the best candidates due to their very good mechanical 
properties [2-5]. Available literature provides the mechanical characterization of natural fibers, in terms 
of elastic properties and tensile strength [3, 6, 7]; in particular, attention has been focused on different 
fibers, e.g. flax [8], jute [9, 10], hemp [11,12], sisal [13]. The reviews [3, 7] report the main mechanical 
properties of various natural fibers. Hemp especially was shown to have very promising tensile properties 
for such applications.  
The use of natural fibres and in particular hemp (Cannabis Sativa L.) fibre bundles as reinforcing 
agents in composite materials offers many advantages, such as a low density and an enhanced 
biodegradability, over glass fibres [14–16].  
The technical hemp consists of elementary fibres glued together by an interphase consisting mainly of 
pectins and hemicelluloses, which are a mixture of different lower molecular weight branched 
polysaccharides. The inherent difficulty of using natural fibres is due to the fact that their chemical and 
structural characteristics are complex. Fibres architecture is depicted in Fig. 1.  
 
㻌
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Fig. 1.  Hemp fibre architecture [17] 
㻌
The basic unit consists of cellulose polymeric chains aligned and gathered in microfibrils. They are 
linked to each other by lignin, pectin and hemicellulose. The strength and stiffness of the fibres are 
provided mostly by hydrogen bonds between the different chemical components. Other characteristics 
like thermal stability, resistance to UV attack or biodegradation depend on the concentration of each 
component characterised by its individual properties. Hemicellulose is responsible for the biodegradation, 
moisture absorption and thermal degradation of the fibres [18]. Lignin and pectin are thermally stable but 
are responsible for the UV degradation of the fibres. However, the major disadvantage of cellulosic fibres 
is a high moisture sensitivity, which can cause the chemical degradation of the structure of fibres as well 
as dimensional variations of the fibres according to the percentage of moisture. This last effect has an 
impact on the quality of the mechanical interaction between hemp fibres and matrix. Thus, their 
incorporation in a polymer or mineral matrix implies the overcoming of interface incompatibilities by 
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means of fibres chemical pre-treatments [19]. For these disadvantageous properties of hemp, chemical 
modification fibres surface is necessary to improve the fiber/matrix interfacial bonding. Many studies are 
devoted the physical and chemical surface modification of the hemp fibres [20, 21]. It appears that 
chemical treatment of the fibres surface degrades the amorphous materials present in the fiber structure. 㻌
㼀㼔㼑㻌 㼛㼎㼖㼑㼏㼠㼕㼢㼑㻌 㼛㼒㻌 㼠㼔㼕㼟㻌 㼜㼍㼜㼑㼞㻌 㼕㼟㻌 㼠㼛㻌 㼟㼠㼡㼐㼥㻌 㼠㼔㼑㻌 㼕㼚㼒㼘㼡㼑㼚㼏㼑㻌 㼛㼒㻌 㼠㼔㼑㻌 㼍㼐㼐㼕㼠㼕㼛㼚㻌 㼛㼒㻌 㼏㼔㼑㼙㼕㼏㼍㼘㼘㼥㻌 㼠㼞㼑㼍㼠㼑㼐㻌 㼔㼑㼙㼜㻌
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㼍㼏㼠㼕㼢㼑㻌㼎㼕㼚㼐㼑㼞㻚㻌
2. Materials and methods 
2.1. Materials 
The final lenght of used technical hemp shive slices (Cannabis Sativa L.) coming from the Netherlands 
company Hempflax ranged between 4 mm and 0,063 mm. Chemical treatment of dried hemp shives 
carried out in three liquid medium of ethylenediaminetetracetic acid (EDTA), calcium hydroxide and 
sodium hydroxide (Table 1). 
Table 1. Chemicals used for modification of hemp shives surface 
Chemical Formula Producer Purity 
Ethylene-diamine-tetracetic acid C10H16O8N2 GAVAX s. r. o., Slovakia p.a. 
calcium hydroxide Ca(OH)2 ROTH, Germany ı96%, 
pulv. 
sodium hydroxide NaOH CHEMAPOL, Slovakia p.a. 
 
Hemp shives surface treatment was performed as follows procedures: 
– EDTA. Hemp shive slices were immerged during 3 h in a solution of EDTA (5 g/l). In order to 
ensure removal of excess EDTA, fibres were then washed with water. 
– Alkalization. Hemp shive slices were soaked in 1.6 M NaOH solution during 48 h and then 
neutralized with 1% vol. acetic acid. It was then washed with water until the pH value was 7. 
– Ca(OH)2. In order to saturate fibres with calcium ions, hemp shive slices were placed in a saturated 
lime solution ([Ca2+] = 2.10-2 M) for 48 h. Following the impregnation, hemp material was washed with 
water. 
Thus chemically treated hemp shives were used for composites preparing.  
MgO-cement as binder was used in our experiments. It consists of caustic magnesite obtained by low 
temperature decomposition of natural magnesite (CCM 85, SMZ a.s. Jelšava, Slovakia), silica sand 
(Šaštín, Slovakia) with the dominant component of SiO2 (95-98%) and sodium hydrogen carbonate (p.a). 
MgO has been milled in order to reduce its particle size. Dry milling was carried out in laboratory 
vibratory mill VM 4 for 5 minutes [22].  
2.2. Preparation of composites  
Experimental mixtures prepared according to the recipe published in work >23@ consisted of 40 vol. % 
of hemp shives (unmodified and chemically treated), 29 vol % of MgO-cement and 31 vol % of water. 
The mixtures were homogenised and the standard steel cube forms with dimensions 
100mmx100mmx100mm were used to preparation of bodies. In two days later the composites were taken 
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out of the forms and cured under laboratory conditions required by standard (STN EN 206-1,2004) during 
7 days. Designation of the mixtures  is given in Table 2. 
Table 2. Designation of the experimental mixtures  
Mixture Treatment of hemp shives  
1 Untreated - referential 
2 by NaOH 
3 by Ca(OH)2 
4 by EDTA 
 
2.3. Methods 
The bulk density, thermal conductivity coefficient, compressive strength and water absorbability were 
measured on hardened composites. Bulk density was determined in accordance with standard STN EN 
12390-7 [24]. The thermal conductivity coefficient of samples, as the main parameter of heat transport 
was measured by the commercial device ISOMET 104. The measurement is based on the analysis of the 
temperature response of the analyzed material to heat flow impulses. The heat flow is induced by 
electrical heating using a resistor heater having direct thermal contact with the surface of the sample. 
Compressive strength of all composites was determined using the instrument ADR ELE 2000. Water 
absorbability was specified in accordance with the standard STN EN 12087/A1 (727056) [25]. 
 
3.  Results and discussion 
As it was shown in >26@, a partial elimination of the amorphous components such as hemicelluloses, 
lignins and pectins from the surface of hemp fibre bundles by the chemical treatment was realized.  
During the laboratory study, physical and mechanical properties of composites based on chemically 
treated hemp shives were compared to referential composite with unmodified hemp shives. In Table 3, 
bulk density and compressive strength values of 7 days hardened composites are given. Change in 
thermal conductivity coefficient and water absorbability values composites with chemically modified 
hemp shives in comparison to referential composite are shown in Table 4. 
Table 3. Bulk density and compressive strength of composites based on chemically treated and untreated hemp shives after 7 days of 
hardening 
 
 
 
 
 
Sample  Bulk density (kg·m-3) Compressive strength (MPa) 
1 1420 ± 5 1,7 
2 1440 ± 5 1,07 
3 1290 ± 5 1,203 
4 1220 ± 5 1,057 
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Table 4. Thermal conductivity coefficient and water absorbability of composites based on chemically treated and untreated hemp 
shives after 7 days of hardening 
Sample  Thermal conductivity  
coefficient (W·m-1·K-1) 
Water  
absorbability (%) 
1 0,125 3,87 
2 0,077 7,78 
3 0,07 6,08 
4 0,065 11,32 
 
Measurements show that values of thermal conductivity coefficient for composites are in a range 0.125- 
0.065 W·m-1·K-1. In the paper [27], it was reported, that the thermal conductivity coefficients of 
hardened composites based on MgO-cement and unmodified hemp shives of another origin were 0.111-
0.23 W·m-1·K-1 and comparable to other building materials such as aerated autoclaved concrete (0.04-
0.17 W·m-1·K-1). The obtained values of absorbability of composites made with chemically treated 
hemp shives are higher than in the case of referential composite. According to the measurements, bulk 
density of composites was found to be in the range of 1220-1440 kg·m-3. As shown, only chemical 
treatment of hemp shives with NaOH leads to slightly higher density value of composite compared to 
composite based on unmodified hemp shives. In the case of composites with modified hemp shives, the 
highest value of compressive strength was recorded for composite made from hemp shives treated by 
Ca(OH)2. Decrease in compressive strength values for all samples with chemically treated hemp shives in 
comparison to referential composite was observed. This fact is contrary to previously published data on 
lime composites based chemically treated hemp fibres >23@. The obtained results are difficult to interpret. 
It is most likely that many factors could cause this phenomen. Various unfavourable factors acting when 
processing the hemp shives and mixture could be considered in clarifying of this fact, e.g. short time of 
hardening, content of crystalline cellulose, varying polymerization degrees of cellulose and degradation 
of hemp fibres surface, heterogeneity of hemp shive slices in comparison to fibres as well as used binder 
MgO-cement, mainly the action of alkaline components combination. According to [28], the amount of 
crystalline phase in cellulose is also affected by the extent of degradation: increased hydrolytic damage is 
accompanied by increased fraction of the crystalline phase.  
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comparison to referential composite was observed. This fact is contrary to previously published data on 
lime composites based chemically treated hemp fibres >23@. The obtained results are difficult to interpret. 
It is most likely that many factors could cause this phenomen. Various unfavourable factors acting when 
processing the hemp shives and mixture could be considered in clarifying of this fact, e.g. short time of 
hardening, content of crystalline cellulose, varying polymerization degrees of cellulose and degradation 
of hemp fibres surface, heterogeneity of hemp shive slices in comparison to fibres as well as used binder 
MgO-cement, mainly the action of alkaline components combination. According to [28], the amount of 
crystalline phase in cellulose is also affected by the extent of degradation: increased hydrolytic damage is 
accompanied by increased fraction of the crystalline phase.  
4. Conclusion 
In this paper, the application of chemically treated hemp shives for lightweight composites preparing 
was tested. Physical (bulk density, thermal conductivity and absorbability) properties and compressive 
strength of composites with chemically modified hemp shives were compared with referential composite 
based on unmodified hemp shives after 7 days of hardening. The lightweight composites made with 
modified fibers confirm different physical and mechanical properties in dependence on the character of 
reagent used for chemical treatment of hemp shives.  
Improvement of thermal conductivity was obtained but other measured parameters have been worse. 
Compressive strength of composites produced with modified hemp shives was decreasing. Hemp shives 
treatment by Ca(OH)2 led to highest value of compressive strength from group of composites made with 
chemically treated hemp shives.  
The results showed that composites based on chemically treated hemp shives with MgO-cement as 
conventional binder replacement behave during the short time of curing otherwise compared to lime 
composite. It can be expected that further testing on composites after longer time of hardening by using of 
various methods will bring more light to explanation of the influence of chemical modification of hemp 
shives on properties of composites.  
Acknowledgements 
The authors are grateful to the Slovak Grant Agency for financial support of the project 
VEGA1/0231/12.  
References 
[1] Masirek R, Kulinski Z, Chionna D, Piorkowska E, Pracella M. Composites of poly(L-lactide) with hemp fibers: Morphology and 
thermal and mechanical properties. J Appl Polym Sci 2007;105:255-268. 
[2] Saheb DN, Jog JP. Natural fiber polymer composites: a review. Adv Polym Technol 1999;18:351-363. 
[3] Bledzki AK, Gassan J. Composites reinforced with cellulose based fibres. Prog Polym Sci  1999;24:221-274. 
[4] Eichhorn SJ, Baillie CA, Zafeiropoulos N, Mwaikambo LY, Ansell MP, Dufresne A, et al. Review: current international 
research into cellulosic fibres and composites.J Mater Sci  2001;36:2107–2131. 
[5] Prasad BM, Sain M. Mechanical properties of thermally treated hemp fibers in inert atmosphere for potential composite 
reinforcement. Mater Res Innov  2003;7:231-238. 
[6] Gassan J. Natural fibre-reinforced plastics – correlation between structure and properties of the fibres and the resultant 
composites. Dissertation at the Institute of Materials Engineering. Kassel: University of Kassel, 1997. 
[7] Torgal FP, Jalali S. Cementitious building materials reinforced with vegetable fibres: A review. Constr Build Mater 2011;25: 
575-581. 
954   N. Sˇtevulová et al. /  Procedia Engineering  42 ( 2012 )  948 – 954 
[8] Stamboulis A, Baillie CA, Peijs T. Effects of environmental conditions on mechanical and physical properties of flax fibers.   
Compos Part A: Appl Sci Manuf  2001;32:1105-1115. 
[9] Mannan KhM, Talukder MAI. Characterization of raw, delignified and bleached jute fibres by study of absorption of moisture 
and some mechanical properties. Polymer 1997;38:2493-2500. 
[10] Gassan J, Bledzki AK. Possibilities for improving the mechanical properties of jute/epoxy composites by alkali treatment of 
fibres. Compos Sci Technol  1999;59:1303-1309. 
[11] Kostic M, Pejic B, Skundric P. Quality of chemically modified hemp fibers. Bioresour Technol  2008;99:94–9. 
[12] Dhakal HN, Zhang ZY, Richardson MOW. Effect of water absorption on the mechanical properties of hemp fibre reinforced 
unsaturated polyester composites. Compos Sci Technol  2007;67:1674-1683. 
[13] Li Y, Mai YW, Ye L. Sisal fibre and its composites: a review of recent developments. Compos Sci Technol  2000;60:2037-
2055. 
[14] Li Z, Wang X, Wang L. Properties of hemp reinforced concrete composites. Composites A: Appl Sci Manuf  2006;37:497-505. 
[15] Mwaikambo LY, Ansell MP. Hemp fibres reinforced cashew nut shell liquid composites. Compos Sci Technol  2003;63:1297-
1305. 
[16] Joshi SV, Drzal LT, Mohanty AK, Arora S. Are natural fibers composites environmentally superior to glass fibres reinforced 
composites? Composites A: Appl Sci Manuf  2004;35:371-376. 
[17] Sedan D, Pagnoux C, Smith A, Chotard T. Mechanical properties of hemp fibre reinforced cement: Influence of the 
fibre/matrix interaction. J Europ Ceram Soc 2008; 28:183-192. 
[18]  Sahed DN, Jog JP. Natural fibre polymer composites: a review. Adv Polym Technol  1999;18:351-363. 
[19] Valadez-Gonzalez A, Cervantes-Uc JM, Olayo R, Herrera Franco PJ. Effect of fibres surface treatment on the fibres-matrix 
bond strength of natural fibres reinforced composites. Composites B: Appl Sci Manuf  1999;30:309-320. 
[20] Le Troedec M, Dalmay P, Patapy C, Peyratout C, Smith A, Chotard T. Mechanical properties of hemp lime reinforced mortars: 
Influence of chemical treatment of fibers. J  Composite Mat 2011;45:2347-2357. 
[21] Shahzad A. Hemp fibre and its composites – a review. Journal of Composite Materials 2011;45: 973-986. 
[22] Kidalova L, Terpakova E, Priganc S, Stevulova N. Possibilities of using hemp shives in lightweight composites. CEST 2011 : 
12th international conference on environmental science and technology  2011; B-547-B-552.  
[23] Bydzovsky J. Utilization of rapidly renewable raw materials in building materials. Proceedings of the 12th International 
Scientific Conference, Brno: Brno Technical University 2009; 43-46. 
[24] STN EN 12390-7: Testing hardened concrete.Part 7: Density of hardened concrete. 
[25] STN EN 12087/A1: Thermal insulating products for building applications. Determination of long term water absorption by 
immersion. 
[26] Cigasova J, Stevulova N, Terpakova E. Vplyv chemickej modifikácie konopného pazderia na vlastnosti vlákno- kompozitov. 
Životné prostredie - Problémy a možnosti riešenia : ovzdušie - voda - pôda : zborník publikácií z 2. ročníka konferencie s 
medzinárodnou účasťou 2012; 117-122.  
[27] Kidalova L, Stevulova N, Terpakova E, Sicakova A. Utilization of alternative materials in lightweight composites. J Clean 
Prod 2012; DOI:10.1016/j.jclepro.2012.01.031. 
[28] Bilkova L. Application of infrared spectroscopy and theraml analysis to the examination of the degradation of cotton fibers. 
Polym Deagrad Stab 2012;97:35-39. 
